A next-to-leading order QCD analysis of deep inelastic scattering data is performed allowing for contributions due to a light gluino. We obtain the values of α s (M 2 Z )±δα stat s = 0.108±0.002, 0.124±0.001, 0.145±0.009 for QCD, SUSY QCD with a Majorana gluino and a Dirac gluino respectively. The value of α s (M 2 Z ) obtained in SUSY QCD with a Majorana gluino best agrees with the direct measurements of α s (M 2 Z ) at LEP.
The most precise measurements of α s (Q 2 ) are provided by deep inelastic lepton-hadron scattering and e + e − experiments and extend over many generations of scale providing a test of QCD [1] . The results of the QCD analyses performed in the different deep inelastic scattering experiments may be expressed in terms of a value for α s (M 2 Z ) (by a next-toleading order (NLO) relation, for example) and thus directly compared with the results obtained in e + e − experiments at LEP. Different values of α s (M 2 Z ) are obtained from deep inelastic and e + e − experiments. The question has arisen whether this difference might be due to the presence of a light gluino [2, 3] for which windows remain open in the range m g < ∼ 5 GeV [4, 5] 1 . Unlike direct measurements of α s (M 2 Z ) in LEP experiments, the QCD analysis of deep inelastic scattering data requires an assumption on the β-function to solve the evolution equations. As shown in [3] the re-evaluation of α s (M 2 Z ) resulting from the DIS-data under the assumption of the NLO β-function in the presence of a light Majorana gluino [9] yields a better agreement with data.
However, the effect of a light gluino in the mass range m g < ∼ 5 GeV on the scaling violations of structure functions is not only due to a modification of the β-function, but also due to modified evolution equations containing even different parton densities. Since the allowed gluino mass is rather small, a thorough study of this effect requires a complete NLO QCD analysis of the deep inelastic data including light gluinos 2 . This is the purpose of the present paper.
The Running Coupling Constant
Before we study the evolution of deep inelastic structure functions we summarize the effect of a gluino on α s (Q 2 ). The renormalization group equation for α s
yields the solution
with the function 3 Φ (n) (x; β i ) having the form in next-to-next to leading order (NNLO)
1 Different possibilities for a dedicated search for light gluinos have been also proposed in [2, 6, 7] recently. Light gluinos are also favored in some approaches in string theory (see [8] ).
2 The effect of a gluino with m g ∼ 5 GeV on data expected in the high Q 2 range at HERA, decoupling at low Q 2 range, was studied in [7] in LO recently. 3 Because the explicit expression for (3) depends on the size of β 0,1,2,... Φ (n) (x; β i ) is understood to be a complex valued function.
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In the limit β 2 → 0 (NLO) one obtains
where we choose C = 0 following [10] 4 . The coefficients β i are given by [12, 9] 
in the MS scheme in NLO 5 . Eq. (6) relates the values of Λ and α s at a given scale directly. When quark or gluino mass-thresholds µ ≈ 2m i are passed, α s (Q 2 ) is kept continuous as the values of β i change. To be more precise, running mass effects should be accounted for when passing quark or gluino mass thresholds [13] . We will neglect these effects in the present analysis as small 6 . In figure 1 a comparison of the NLO solutions (2) 
GeV, and different measurements of α s is shown. Here we assumed m c = 1.6 GeV and m b = 4.75 GeV for the values of the heavy quark masses. For the case of QCD also the curve obtained in NNLO is given. That a light Majorana gluino is an apparently better description of α s (Q 2 > 16 GeV 2 ) than QCD has been previously observed in [3] . Calculating confidence levels for the depicted experimental data in the complete Q 2 range 7 from the χ 2 values for the three different hypothesis Ng = 0, 1, 2, however, one obtains 78 % CL for QCD, 50-83 % CL for the case of a Majorana gluinos (0 < mg < 5 GeV), and < 0.5 % CL for the case of a Dirac gluino. This estimate, however, assumes, that the α s values have been extracted in a way which is essentially insensitive to the value of Ng, since most of these values were obtained using QCD matrix elements as an input.
QCD Analysis
Scaling violations of the structure functions measured in different deep inelastic scattering 4 This choice is often called definition of α s (Q 2 ) in the MS scheme, although β 0,1 are scheme independent and only β 2 eq. (5) refers to a MS result. Other possible choices are discussed in [11] .
5 A corresponding relation in NNLO follows from (2,3) directly. 6 As has been shown recently [14] this modification leads to a shift ∆α s (M 2 Z ) ∼ 0.001 unless a quark mass threshold coincides with that of the gluino. 7 The α s value determined from cc 1P − 1S mass splitting using a lattice calculation [15] was excluded.
experiments can be described 8 by the following set of NLO evolution equations including the effect of a light gluino,
The gluino density g(t, x) emerges in the singlet evolution equation. In the description of the singlet and non-singlet distributions we assume that the squark contributions decouple [17] due to the current experimental limit mq > 74 GeV [4] . The functions
are expressed by the splitting functions P (k) (x) up to NLO. Note, that the leading order matrix elements P (0) q g (x) and P (0) gq
The different combinations of quark densities in (7) are
The evolution variable is
, with Q 0 defining the scale at which the input distributions q The splitting functions P (k) ij (x) in (7, 8) were given in [18, 19] where in NLO the DR scheme was used. In the present analysis these results were translated into the MS scheme.
The QCD analysis was performed with a modified version of the CTEQ parton distribution evolution program [20] . The input shapes for the parton distributions at Q 2 0 were chosen to be
The sensitivity of the parameters in (11) to the fit results varies, and some of them may be fixed or can be related to one another. The 10-parameter parametrization used in our analysis was the result of a study to minimize the number of shape parameters needed to fit the current set of experimental inclusive data in a global QCD analysis. This is desirable as fewer shape parameters are clearer to analyze and reduce spurious correlations between themselves. We set
0 xd v (x)dx = 1, and momentum conservation reduce by three the number of input fitting parameters. The parameters of the strange quark distribution have been determined from the CCFR dimuon data [21] as A s = 0.114, α s = −0.114, and β s = 6.87 and are treated as fixed. Only for m g ≤ Q 0 ≡ 1.6 GeV do we have an initial three parameter nonzero gluino distribution. Otherwise the gluino distribution was radiatively generated as were the heavy flavor distributions.
We allowed the relative normalizations of the different experimental data sets (seven parameters) to float under the fit subject to suitable constraints reflecting experimental normalization uncertainty in the mean.
Λ and the parameters of eq. (11) were determined by a MINUIT [22] minimization of a χ 2 -distribution using the following data sets: SLAC F [23, 16] as input. The statistical and systematical experimental errors were added in quadrature, and relative systematic effects between the different experiments were accounted for by normalization factors determined in the fit. For a given gluino mass hypothesis it was demanded, that
2 g leading to a constraint on the data used. For the comparison of different possible hypotheses we considered the cases N g = 0 (QCD), and N g = 1, 2 with m g = 0, 3, and 5 GeV. Table 1 (6) and no reference to a "typical" value of Q 2 characterizing the analysed data sets is needed 9 .
Discussion
The values of χ 2 /NDF obtained in the analysis of all the deep inelastic scattering data do not differ significantly (see table 1 ). Thus, the analysis does not yield an a priori preference to one of the cases N g = 0, 1, 2. The fitted values of Λ Besides the quoted statistical error δα stat s , there is a theory error due to the assumption on 9 Such an assumption would be required for an illustration of the obtained result in the way shown in figure 1 , but will not be given due to the uncertainty in the abscissa. Fig. 2a-f . The distributions u SU SY (x) and g SU SY (x) are softer at Q 2 ≤ 10 GeV 2 , the faster running coupling of QCD compensating for the initial depletion of larger x distributions in the SUSY case. At small x, x < .01, the sea and gluon distributions in the SUSY case are enhanced by the splitting of larger x gluinos.
The fit results are not very sensitive to the parameters of the gluino distribution and allow large distributions at small x where the data is not yet very precise however. The gluino distribution is forced by the evolution equations to behave like a sea quark, the existing DIS data forces it to be quite soft. The magnitude of the gluino distribution is strongly dependent on mg over a large range of Q 2 , the dependence decreases logarithmically with increasing scale.
If Majorana gluinos exist in the mass range mg < 5 GeV, they can be searched for in single and pair production in deep inelastic ep-scattering and photoproduction at HERA. The process of single gluino production will moreover allow the derivation of direct constraints on the gluino distribution. 
